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ABS’I’RACT

Modifications to an existing radiofrc.qucncy  tclcscopc  arc dcscribcd  which would enable it to operate as an IL%])
optical rcccivcr  terminal for deep-space communications. ‘I”hc low overall cost of the tclcscopc is duc to the unique
]WOCCSS of fabricating the 10.4 meter primary mirror and its support structure., the lightweight of the primary (10-11
kg/n~2), and the rcquircmcnt  that the tclc.scope act only as a photon bucket, which lowers the cost of optically figuring
and polishing the mirror. ‘1’hc entire optical ground terminal facility is estimated to cost approximately $10 M to
construct.

1. INTROIllJ~J’ION

‘J”hc  optical communications proglam  at J]’]. has been invcstigatirrg  clcsigns for tcm meter class tclcscopcs  for dccp-
space. cOlllllltlrlicatiolls. 1’73 ‘1’hc long range goal is to develop an optical sulmc.t as an adjunct to the existing Ilccp
Spat.c Nctwolk  (I)SN)  which operates at radioflcqucncics.  As currently envisioned, this subnct  may incorporate as
many as six to twelve tcn mc.tcr tclcscopcs  dcp]oycd worldwide..4 ‘ ‘I hc cost of such a subnct  will bc prohibitivc]y
cxpcnsivc  if a high quality imaging optical tclcscopc  sLIch  as Kcck were used as the basis for a single, communication
terminal (Ihc cost for the entire Kcck facility is about $93 M, the cost of the p~in~aly rnir ro~ alone is almut  $17.3 M).

Steps 10 containing the ccmt of a single. terminal facility include 1) Inininliz.ing the f:ibl icalion  cost of the. primary
n~irro  I, 2) minimizing the. tc.lcscopc lc.ngth thereby reducing the sim  of the cnclosu]c  rcquil-cd  to lIOUSC  it, 3)
Jninillli7.illg  the wcigilt  of the tcicscopc. and its suppol  t struclurc, which relaxes the mcc.hanical  and stl uctural
pclfo]lnancc required of the tracking f,imbal, and 4) utilizing the infras(l  ucturc  of suitab]c  existing sites to keep ncw
I)uilding  and othc.r construction costs (such as Io:ids) as low :is possi[)lc.

once the primal  y clcal- apcrtulc sim  and substrate arc sclcctcd,  the methods of co:i~sc fab~ic:ition  al c usually limited
to just sc.vcI al choices. ‘1’hc opticiil  plcscIiption,  fif,urc quality, and iollgl~ncss  Icquircmcnts  dctcminc ihc amount of
fifyll ing and polishing nccdcd - the. most l:iboI  intensive. phasm.  ];or [hsscgp ain lclcscopc con fif,u~ations, the tclcscopc
]Cngth is dctcl  mined by the f-n Unlbcl of the primary - a fiist prinla]  y p]ovidcs  shol t ovcr:ill ]cngth.  ‘]’]IC overall weight
of the tclcsc.(q)c  is also driven mostly by the wci~ht of the pt im:iry. A hcavicl  pl imary lcquircs support s[ructurc,s  of
nlatcl  ia]s of high st iffncss  and gcnclaliy  gtcatc.r mass, so that systcnl n:itu]-a]  frcquclicics  arc. higher than those of
anticipate.d distu]banm fo]ccs.  (Hc.al Iy, the pl imary mir)o:  is the sinf,lc mosl imlmltant componc.nt  dliving  the cost of
a klJ[;C tcJmin al.

1  ink  :inalyscs foJ t he .  ou t e r  plaJlcts  lcd to rcquiJcnlcJlts  for a pl-imary apcl  tuJc  size of tcn Jnctcrs,  ~asscfyain
con fif,u Jalions  VJCIC  sc]cctcd  for siJ~]plicity, aJ~d :IJ) ]:# of 0.5 was sclcctcd  to kc.cp the tc]cscopc  lc,ngth as short as
possib]c..  ‘] ’hcsc deep-space liJlks c:in uti]i~,c pu]sc. position nmdu]ation  sc]lcmcs  vcl”y Cffcctivc]y,s  wrhich iJDpliCS thC
f,lound 1 cccivcr  tcrlllillal  is not ~cquircxi to fiiit}lfully  pJcscJvc  the phase of the incoming optical sign:ii, only Cictcct lIIC
plcscncc OJ :ibscncc  of aJl optical puisc  ~iurin~ a tiJnc iJltcWa]. ] ]CJICC the tclcsc’opc fUl)CtiOllS  [is a J)hOtOIl bucket aJICi
the. figure quality of the. optics can bc much IC.SS stringent thaJl that J CqUil CCi of an iJn:lging  tclcscol~c. ‘1’Ilcsc  coJlccPts
al c bcinf, used to (icfinc  the I cquil  cmcnts  for a pJolmscd  l)ccp S] Jacc. opt ica] Rccc.iving AJltcJlna (D SORA).  Mir JoI
subsl J :itcs consi(icrc~i inc]u(iccl gl:isscs, JllCt:tlS,  :iJl(i CCJ t:iin S:in(iwich compositions, such :is aiulninUJn  bctwccn  gl aphitc
CIJOXy ((~];) S]l CC~S. SiliCOn Cal~)iC!C Wr:is aSSC.SSC(i as 1 CC]Uil  iJlg f:lbliC[itiO1l 1)1oCCSS  (i CVC]O]>IllCJlt  WCII bCyOllCi CUJIC.Jlt
capabiliticsto pro(iucc  such a l:tJ-gc  optic incxpcnsivcly:ind  was clin~iJlatcci  from coJ~si(icl  ation. NoJnl:\i  UI,1 L @ass costs
:Itmul $6.5 M fol a tell meter prinl; iJy but wci~hs 1 ]() kg/Jll. 2 ‘] ‘hc lightweight cd fol m would  Wc.igh  ] ] kg/JH2 but cost
$17-22 M. lk~tl} gl:lss options arc uJ~attr-active. ‘1’hc majolity  of ncw kiJgc. apcrtul c tclc.scopes bciJ~g dc.signed USC.



scgmcntcd  primaries and sine.c Ihc  major  goal is to keep cost low, constructing the photon bucket following an existing
sc.gmcntcd design was judged to bc the most feasible and cost c. ffcctivc  path to follow.

While the tclcscopc’s  optical quality is quite coarse and the figure of merit is overall blur size, there is an additional
need to control surface scattering. I>UC to the operational rcquircmcnt to provide twenty-four hour linkage, solar
scattcrcd irradiancc from the tclcscopc optics and from any support structure in the field of view (liOV)  of the
dc.tcc.tor can bc a major  contribution to the total optical background noise. l’arasitic  scattering from tclcscopc  optics
is rcduccd  to acccptatdc lCVCIS through substrate sclcc[ion  and polishing - a III{IJIJ  (llidircctiona] Rctlcctancc
l)istributicm  lhJ~ction)  rcquircmcnt is spccificd.  Scattering from structural surfaces is minimized by keeping surfaces
out of the field of view altogether, or by carefully locating hardware with smooth surfaces and highly absorbing
matings. “J’hc major source of backgrouJld  noise remaining - atJnosphcrica]ly  scattcrcd solar radiation in the l’OV of
the detector - is rcduccd  to an mxcpt  able lCVC1 by using the cxt rcmcly  narl  ow passbaJld  (0.01 ~) provided by a Stark-
tuncd,  l:araclay  AnoJnalous  ])ispcrsion Optical  ];i]tcr.6

In spite of cffo~ts to contain cost, csliJnatcsfor fabrication and construction of the tcn meter optical tcrn~iJ~al were still
large. A more gcncralizcd  approach was adopted to find the least cxpcnsivc  mc.ans of constructing a photon bucket
with the. dcsif,n charactcrislicsof I) Sol{A, aJld this included using or adapting cxistingtc.lcscopcs.  ‘1’hc millimeter wave
1,cighton tc.lcscopc was known to bc of the rc.quircd apclturc size and the construction cost was very low. ‘1’hc  primary
substrate. was aluminum, and the tclcscopc  opc.rated duriJ~g both daylimc. aJ~d nighttime.. ‘Illis paper reports the
technical modifications to the 1,ci@~ton tclcscopc  which would enable operation as the I)SORA  photon bucket. cast
cstimatcsal c prcscntc(i  for the basic Iclcscxqmf abricalion, fol the Jllo(lific:tti{J1)s,a]lcl  fo~ the construction of a c4~nlplctc
facility.

2. RF l,lHGIITON  I’11.I+;SCO1’E

l;ivc tclcscopcs  alc culfcntly in usc  in an array configuration for millimeter and submillimctcr astronomical
mcasu)cmcmts  at the [hvcns  Va]lcy ILadio Observatory (OVl{O,  nc;ir IIishop,  C;A) and onc is in usc at M:iuna Kca,
111. ‘1’hc  first operational tc]cscopcwm deployed at OVl{()  in 1978 and is still in USC . ‘1 ‘hc OVRO  t Clcsc’opts Obsclvc
Imtl)  du] inp, the [iay as wc II as night an(i (io not have cnclosurc.s, while the 1 lawaii  tclcscopc.,  l;igurc  1, uses a
hcnlisphcl  ical donlc  10 pJotcct  il from the cnvilonmcn(,  nnci ObSCIVCS  01 II% at ni@lt.

‘ll]c pJinl:ily  Jnirrol is a 10.4 m (iiamctcl  clc.ar apcv turc  pa Jabok~ici consisting of 84 panels of sandwich construction.
1 lath panel consists of a faccshcct  ancl backshcct  of alunlinum  c])oxic(i to a (ioul~lc honeycomb core of hexagonal
aluminum cells. ‘1’hc  axis of symmetry through the hc.x core ccl] ccntcr is pcl pcndicular  to the. sheets. ‘J’here arc
foul Iccn siz.cs of panels comprising the primary, the panels on the outcl diameter al c four, five, or six side.d il I cgula]
shal)cs, the I cmaininf,  intcl iol panc]s  al c. approximately hexagons. ‘1’hc  j))inlaly  is attachc(i  at niJlcty-Jlinc points to a
Iul)ular stc.cl space tluss structulc, in tutn attached to the ttackinp, gimbal  at Jlinc points which lic in a plane para]lcl
to tllc apcItu Ic.

‘1’l)c. fal)l ication  of the pl imary follows a ulliquc  process, csscnlially  unchangcxi since the concc})ts wclc cic.fined in
] 97]~. ‘I’]lc,  t):Lc,kLIJ)  t, ,lss st, ~lct,llc, is fiJst :,sscIll[)]cCi ~llld lll{)~,l,tc~i  dirc,c~ly  to H l: IJp,c air I)c.:iring,  ] kich  p:iI)cl is CO:il  SCly

cut fmn) a ]>lana] sl~cct of matc[  ial to the ncxwssary  sl)npc a]l(i attached to the t] USS. At this stage the paJic]s  consist
of the iEickshccls  and corc$ only, no faccshccts.  A[tc)  :111 84 pancis  :IJC cut, positic)nc(i, an(i attacl~cxi to the truss, the

palaimk)id  fif,ulc  is cut (iircc[ly into tllc hcx COIC l)y [otatiag the cntiJc  stluctulc.  into a cu[ting  too] fixc(i to a 5.2 Jll
long parabolic tl ack fixture. ‘1’hc  took+ arc carhi(ic  tipped lablc  saw b]acics and knife c(igc.d high spcc{i tool steel slicing
bla(ics. h4any small cuts arc made so that very lit[lc hc.at is (iissipotcd  by the low (icnsity  material. It takes about  3
wc.c.ks to l)] iJlg the paJ abok)i(i to within about 3 mm of its final S111 face. ‘l’clnpolal-y  tcnsioniJlg  bars al c then attached
to lhc panel backs to exert prcssui  c to pus}) the ccntm of a }mncl up a plc(ictcl mincci  anlouJlt  aJld pull t}lc C’O1ll  CJS
downwald  equally, causil]g the ccntc.] of a pane.1 to bc cut dcc.pcr than the cornc.rs. ‘1 ‘he. f:iccshcc.t  clast ic cicfor mat ion
(as much as ] ] () pJn) V’ill restore each pane] to the proper  sl)apc when the faccsl)cct  is ]atcr  cpoxicd  to the nwchincxi
COIC. l~oJ the final cuts of tllc, COIC, the air tcmpcJaturc  mus[ bc quite stab]c. (-1 1 K) aJ]d the cuts take 12-24 hours fo]
a coln]~]ctc I)ass.  When the figul c is dcc.mcd acccptai)]  c,, the. pat)cls  aJc rcll~ovcxi and the 1.3 mm thick faccshccts  alc
cpoxiui to the paIlcl coI c uncicI  vacuum bagging. 1 ,ast]y, tllc coracls of tlIJcc paJ)c.ls al c boltcci together to a plate,
in tu[n attached to a Jnanually  adjuslab]c. standoff which 1)01(s  to the t~ 11ss. ‘JIIC standoff t:ikcs  the s[]ain  (iuc to llIC



thermal expansion ciiffcrcnc.c  bclwcrm the steel truss and aluminum panels. ‘1’hc  paraboloid’s sutfacc figure. is verified
by measuring its clcvi:ition from a template, which is attached to the machining fixture, by transdrrccr  mcasurcmcnts,
and hcdographic  mcasur’cmcnts  usiJlg aslronmnica]  Sources.

IJor the tclcscopc in IJigurc 1, the total fabrication surface error, including crlors in the fixture, alignment of the fixture
and surface, control of fcmpcraturc,  parrc] warp, cutting, faccshcct  finish, and reassembly is 9-13 pm (1 u rms)a.  “1’hc
accuracy of the. surface mc.asurcd  on a scale larger than 40 mm is about 5 pm,  and for scales Icss than 10 mm it is
ctc.tcrmincd by the 2pm finish of I}IC mi!l-srrpp]icd  faccshcct.

Note that the. backup support structure used to hold the primary during machiningwill  bc the onc actually used in the
field. ‘l’his fcalurc, along  with the usc of precision struts  and pinned joints allows the primary and backup slructurc
to bc disassembled for shipmc.nt  and acmratcly rcasscmidcd  at the site obviating the need for cxtcnsivc  rcadjustrncrrt.
‘1’hc cost of fabricating the pritnary  by this process is indcpcndcnt of the nurnbcr  of panels and their shapes - the
machining fixture is designed to cut only this paraboloid,  and the panels and backup structure arc all fastened together
to form a rigid integral body with a ncar]y continuous surface area.

‘1’hc. primarywill  deform under gravity loading as the tclcscopc  is pointed, but as the tclcscopc is homologous by design
and through construction, the coarse resultant change is a shift of the focal point from its nominal best location (focal
shifts  arc. lCSS than 1 mm over 90 dcgrccs  of elevation angle). ‘IIIC  secondary shifts its position as VJC]I, hut generally
tracks the shift in paraboloid focus. Additionally, it can bc adjus[cd  along the. axis of the tclcscopc and indcpcndcntly
in a plane perpendicular to the axis by 25 mm. 1.astly, the primary may bc tund to ghw the. best overall parabolic

figure (in an Ims scmsc) JIt any position by manually acijusting the standoffs that attach the panels to the backup truss.
NighltiJnc  mcasurcmcnts of fyavitationa]]y  iJ~duccd distortion across the cJltilc. primaly WC IC 10-40 pm rnls after
removing focus, tip/tilt, and sc.condary ccmlcrinp,,  for ~,cnith angles bc.twccn  15 aJId 65 dcgrccs,  At lc.ast at night, the
systematic crlors of the tclcscopc arc controllable, to the dcgtcc require.d for the con~munication  photon bucket
rcccivcr,  and pcrfoIJnancc  is then limited by the raJ]doJn  figure error ar-hicvab]c  in the pa J~cls.

3. OIY1’l~Al.  hlO1)llcl~ATIONS

]’C1  fOIIll:~JICC  CStiIll:ItCS fO1 a ] ,Cif$tOIl  tCICSCOpC uSCd :~S ;111  OpiiC:ll  COIllIll~llljC;{  tj[)IIS I CCCiVCI  hWC  bCCIl  IIl:lCiC.  A nlodcl
of the 1,cip,hton tclcscopc havi J~g the pl ascription displayc~i  iJl ‘1’able 1 was iJ~put into the. (hntrolicd Optics Mmiciing
l’ackagc  ((X)M  i’) CO(iC9. 1 lrJors  JIlociclc(i  inclu(ic(i  surface figu Jc, tiiJ/lill, an~i piston. ‘1’hc  primary was Jnociclc(i  as a
scgmc.ntc(i apcI turc  of 84 p:IIIC]S  aIl(i surfilcc figLIIc  CJIOIS  were :issignc(i  to it. ‘1’]lc.  tJiu J ciiamctcr  at the {;asscfy aiJl
focus was uscxi as the opticai  figure of mCI it to gage cxi>cc[cd  pcJfornlancc  of this photon t)uckct  anti wis comparc(i
to pI cviously (icrivc(i ~cquil cmcnts for ]) S()]{A. JO ]Jigulc 2 (iispl:~ys the I]]ur size. at the focus for a prin~aJy having
a 1 (i ~lnl (1 u rms) fip,urc crIor cwcr a correlation [iistancc of 1 Jn, witil Icsi(iual  CI lors of 25 placi  of tip/liit and 6U pm
of piston CIIOI  pm pallci.  Aii rays aIc sllmvn, an(i nmrc tilan 95°1, of thcm  a~c containmi  within an 86 pJ:ici fu]i anpflc
t~lur cilc]c.  ‘1’ilc dcsiI cxi l) S[)llA performance is 100 /lJ iid.

A lcquiJcn~cnt  for scat (CI florn  the tclcscopc  optics  was (icIivc.(i.  It is clcsiIcd to suppress t})c scattc]  cd light duc to
solar illumination of the optics  to ]c,vc]s t~ciow til:lt of cxpcctcci conlnlunicatio;  l Icturn signais  from  c.al th-plaJICt iinks.
1 ink calculations to l’lute, a stI-cssing  Gist, in(iicatc(i that rcccivc(i  sig,nais  as iow as 1 pW at the gtoun(i  at a
W:lVC.lC.Jlgth of 532 nm aI c ]mssil~]c., A mar~in of ]()() was applied to account for unca taijitics in link ])aI aJnctcrs,  and
this lc.suilcci in a rc{iuircn~c]lt  for tllc ll]{l)]; (llidiIcctionai  Rcf]cctancc  ])islrii)ution  l;unction) fo: both the prinlaJy
an(i scconciary mir lols of 1 .flxl ()”3 SI”] at 10 cic.~,t ccs off noJ nmi :It 500” nm.

IIarc  aiuminum  cannot  bc poiisilcxi to a (icgt cc ncccssary to o!~tain  a 111{1)1~ of tilis Inagnitu(ic.  A plating of c.lcctloicss
nickc.1 (1 [Ni) of about  100-1”50 ~~n) thickness can bc ailplic(i to alun~inum.  ‘1’IIc i~ar t must bc near net-shape hcforc
plating. ‘]’hc. nickc] sur face may  I}ICI)  h fi~uJc(i an(i finciy  polisilcci to achic.vc. this 111{1)1;.

]n opctation, the I cccivc.r n~ust accomo~iatc  a ra]lgc of ]mssihlc spamct  aft tI aJ~sn~ittcr wavclcnp,tils: 500-2000” nnI. ‘1’iIc.
bcsi choice of optical coating for this  r:jngc is a recta], either si]vcr  or a]aminum.  ]t was (icci(ic.ci to select an cnilanccd
aiulllinum  Cnritinp,. AiunliJluJH mating lonp)cvity  is at icast 3 - 5  yCa Js :iJld the (iicic.ctr  ic ovcrcoatings  applic(i f o r
Cllil:lnCCJllCllt  at SC] CCt C’{i wavcicngths  plotcct the aiuminum  laycI florn oxidati[~n an(i Cwapor  at ion. ]t iS ]ikcly that an



c.nhanccmcnt  of the rcflcctancc will bc sought at the laser wavckxrgths  of 1060, 532, and in the band 750-860 nm.

A layup of the prcqmscd  primary mirtor is shown in I:igurc  3. ‘I”hc basic  fabrication process for the primary as
dcscrihcd  nbovc is retained, which inc]udcs  the backshcct,  core structure, and faccshcct - a layer of l{Ni is plated onto
the faccshcct,  ‘J”his Iayc.r is lhcm figured, and polished to achicvc  the 111{1)1/  spccificd  above, then an cnhanccd
aluminum coating is app]icd.

Additional specifications for the primary and sc.mndary  mirrors arc shown in ‘J’able 2. ‘J’hc figure quality for the
pl imary sJ]ccificd is 5 pm over ] m correlation distance uniforndy,  providing some margin for inevitable material
instability over time, cslimatcd to bc 1 -2pm pcr year for alun~inun~ll. l’or this figure quality, and with 25 ~~.rad tip/tilt
and 60 pm piston pc.r pane.] as above, the cxpcctcd  blur size. at focus is about 50 prad (> 95% of all rays). l’hc
secondary figure quality is 1-1.5 pm) rms over the full aperture, a readily achic.vab]c value. ‘J’hc tclc.scope performance
is ultin~atcly lin]itcd  by the l)lin~ary mirlor figure quality as fabricated.

4. G1{O~JN1)  ‘1’lRMINAI,  FACJI,l’JY  CX)S’I’

“1’hc ‘J’able Mountain l;acility  (’J’h411’) located near Wrightwood,  ~alifomia at an altitu(ic  of 2.3 km was nominally
sclcctcd  as the site for locating the ground terminal. It is desirable to rcducc  ncw construction cost by utilizing existing
infl astruct  urc. whcncvcr  pmsiblc - scvcl-al optical tc]cscopcs  already arc in place at this J1’1, owned and operated
facility. ‘J’hc cost was estimated to construct a modified] ,cighton rcccivcr,  cnclosurc,  and ncw scrvicc  building at “l’Ml/
and usc basic cxisiting  utilities, scwicc roads, and support buildings such as meeting rooms and storage area.

An cnclosurc  design was found fol- the tc.lcscopc which was estimated to cost approximately half that of the dornc
shown in liigurc  1. “J’his cnclcmrc  consists of four rings, is apJ>roxirnatcly  22 m in diameter and 16 m high when fully
open, :inci collapses downward to a single,  ring to dcp]oy the tclcscopc  for operation. A nc.w scmicc  building of son~c
186 squalc meters (2000 squalc,  fc.et) is rcquirc(i.  ‘1’hc concept for the entire facility is shown (not to scale) in IJigutc
4. ‘J’hc cnclosurc  pmtccts the tclcscopc  from snow an(i scvcrc  wind up to 200 kn~/hr,  hut Ihc tclcscopc is otherwise,
cxlwscd  to an~bicllt  conditions during opcratiorr.  ‘1’hc site would occupy ICSS than 1 acre.

‘lIIc cost estimated {o cwnstr  uct the. cntil c facility is give.n in ‘I”ablc 3. Note the low COS[ for tllc basic 1,cighton  tclcscopc
falwic:ition,  $1.8 h4, including a gimbal capahlc  of tracking fl-om si(icrcal  rates to about 30/s, sufficic.ntly fast to track
low c.al Ih orl)iting  satcl]itcs.  Modificationsto tllc tclcscopcoptics,  which inc]udc  a cornplctcly  ncw secondary, arc shout
$3.3 h4. l~Canl t~ain optics follow the. scc.ondar  y and rcl:iy lhc bcarn to (ictcctors.  ‘1’hcsc ar c prim:irily  ii beam Icducing
tclcscopc,  twc axis beam stcc.ring mirror, bcamsplittcrs,  and othc.r small focusing optics which will deliver the beam
to both acquisition and c(llllrllllllic:itiorl detectors. l)c.lcctors  al)d other clcctlonics a] c not inclucicd in Ihcsc  cstimalcs.
A (~oucid Iwam path was dcsip,ncd aI~d il)cludcd.

A nominal sclIcdulc is SIIOWII  in l;igu Ic 5. ‘J’hc total time to build the tclcscopq modify the optics, fabricate the
cnclt)suic  and girnlml, prepare the si~c, erect the, buildinp, and then install  the ]lardwarc  is three years. About nine
n~onths and tltrcc ])coplc  arc nccdcd to construct the prinmly,  sccond:i:-y, and backup  stl uct ur c. ‘J’hc time lcqui~cd  to
plate,  figul C, and  polish IIIC,  pr inln]y is :Il)out two yc,ars, duling Whit}} t h e ,  s e c o n d a r y  c a n  a l s o  bc. fabficatcd.  ‘J’hc
schcdu]c  indicate.s IWO prrra]lcl  cffor{s  to rcdllcc  t]lis time. to onc yc.ar. ‘J’hrcc  months  arc nccdcd to coat  both optics.
‘JIIc p,inllm] and cnclosurc  can bc fabricated in two ycat-s. signal  procc,ssinp,  electronics and software dcwc.lopmcnt  al-c
not illclu(icd in the cost cslirnatc;  this activity is shown on the. schcdLIlc as a two year effort. ‘J’hc starting activity upon
rcccipt  of fun(iing is a facility c~lgillccrillglc]>ort,  and initial c)~>cratil}p, c:l]~:lt>ilityis  projcclcd  at five and onc-ha]f  years
latcl.

5. U) N~J/lJSJON

11 was SIIOWII that a ten  nlctcr class photon bucket C:III  hc. crcatc(i  hy o p t i c a l l y  mo(iifying an c.xist ing I adio tclcscopc

dc.sif,n a n d  conslr uclion ])roccss. ‘J’hc  ovcral] cost to ])roducc the. huckc.t by this method is mucl) lower than a
conlparab]y  siz,cd tc.lcscopc f:tl~ric:ltc,d  llsing corlvcntiolla]  optic:]] tclcscopc  tcchniqucs,  NC W  facility  cxpcnditurcs  arc
fill thcr l(nvcl  cd I)y ut iliz.ing cxistitlg  sites and cost sharing wllcncvcr ]mssiblc.
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l;igu~c 2. Spot diagram at [Iasscgrain  focus from (;OM]”  ((;ontro]lcd  Optics Moclcling  l)ackagc)  rrnalysis. ‘1’hc
scale is in meters. A]>l>rcJxili~:\tc.ly4700  r ays were kiurlchccl. ‘Il~c l)r imar y was modclc.cl as an M segment

apcuturc  each scgmcnl  of hexagonal shape. ‘J’hc figure clualily was 10 ~~rn (1 o IIIIS)  ovc.r 1 m
cor r chtion  distance, with 2.5 l~r ad (1 u r ms) of tip/tilt, and 60 l~rn (1 u r ms) of piston applic.d  to

c.aclI panel. ‘1’IIc.  total blur six is about 86 ~lr:icl.
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]:igurc  4. Gnccpt for l;acility.  ‘J’hc  tclcscopc  and its cnclosurc  arc both on top of lhc service builcling.  In the
upper figure, the cnclosurc  is closed, in the. lower figure it is opened, exposing the rcccivcr.
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